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(54) SPRAY COATING METHOD AND PLUG FOR SPRAY COATING 

(57)Abstract: 




PROBLEM TO BE SOLVED: To form a spray deposit with high quality 
and performance without adversely affecting the spray deposit even 
if a part free from the spray deposit is provided by the use of a plug. 
SOLUTION: The method is used for depositing the coating film 30 on 
the surface of a base material 10 by thermal spraying, and the base 
^material 10 has a hole part 14 free from the coating film 30. This 
^L--—^ ^method comprises a step (a) of filling the hole part 14 of the base 
^1 g material 10 with the plug 20 which has a core material 22 made of 
,-| ^metallic material and a resin/metal composite layer 24 which 

consists of the composite body of a resin material unjoinable to the 
coating film 30 and a metallic material and covers the outside 
periphery of the core material 22; a step (b) of depositing the coating 
film 30 by applying thermal spraying to the surface of the base 
material 10 after the step (a); and a step (c) of extracting the plug 20 



from the hole part 14 of the base material 10 after the step (b). 



* NOTICES * 

JP0 and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
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2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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CLAIMS 

[Claim(s)] 

[Claim 1]A method of forming a coating film in the surface of a substrate by thermal spraying, comprising: 
A core material which consists of metallic materials. 

A process of plugging up a hole which does not form said coating film among said substrates with a stopper 
which consists of a complex of a resin material of un-joining nature, and a metallic material to said coating 
film, and has a wrap metal-resin compound layer for a periphery of said core material (a). 
A process (b) of performing thermal spraying on the surface of said substrate, and forming a coating film in 
it after said process (a). 

A process (c) of sampling said stopper from a hole of said substrate after said process (b). 

[Claim 2]A stopper used for a sprayed coating method according to claim 1, comprising: 

It consists of a metallic material which is which metaled simple substance or alloy chosen from a group 

which consists of iron, copper, and aluminum, and is a core material with an outer diameter of 0.5-1.3 mm. 

It is which resin chosen from a group which consists of a fluoro-resin, polyimide resin, and silicone resin, and 

is a resin material of un-joining nature to said coating film. 

Nickel, chromium, a simple substance of which metal chosen from a group which consists of aluminum, An 
overall length which projects 1-3 mm from the surface of said hole when consist of a complex with a 
metallic material which is an alloy or a metallic oxide, it has a metal-resin compound layer with a wrap 
thickness of 10-50 micrometers for a periphery of a core material, it has the substantially same sectional 
shape as a hole of said substrate and a hole of said substrate is plugged up. 

[Claim 3]The stopper for sprayed coating according to claim 2 which is any one sort chosen from a group 
which a metal-resin compound layer of said stopper becomes from a metal plating layer by which a resin 
particle was distributed, a porous metal layer with which a resin material was impregnated, and a porous 
metal layer with which a resin particle was enclosed. 

[Claim 4]The stopper for sprayed coating according to claim 3 in which said metal-resin compound layer is 
an electroless nickel plating layer by which a fluororesin particle was distributed. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention about the sprayed coating method and the stopper for sprayed coating 
in detail, It is aimed at the sprayed coating method which forms a thermal insulation film, resist, etc. by the 
charge of a ceramic material, etc. by thermal spraying, such as a plasma metal spray, and the stopper for 
sprayed coating used for this sprayed coating method to various kinds of machine parts and structural 
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members. 
[0002] 

[Description of the Prior Art]The plasma spray process known as one of the thermal-spraying art is art 
which uses a plasma jet, heats and accelerates thermal spray materials, such as ceramics, sprays a 
substrate, and forms a coat, compared with film formation means, such as a CVD method, PVD, the plating 
method, the speed of a plasma spray process of film formation is large, moreover, restrictions are seldom 
received in the combination of a substrate and the charge of a film material, but it is comparatively alike also 
about the shape of a substrate, and there is an advantage of being free. In particular, by other film formation 
means, formation is widely used as art suitable for forming the film of difficult ceramics. 
[0003]There are a thermal insulation film, resist, a wear-proof film, an insulator layer, etc. in the purpose of 
the ceramic membrane formed by a plasma spray process. As a concrete use, there are various industrial 
machines of thermomotor devices, such as a gas turbine, a semiconductor manufacturing device, a chemical 
processing plant, and others, etc. When forming a spraying film in a substrate by a plasma spray process, 
some substrates have a case where he would like to set without forming a spraying film. For example, since 
it happens for a vent to be buried with a thermal spray material, or for a thermal spray material to collect in 
the inner part of a vent, and to check the function of a vent when the vent has penetrated to the substrate, 
it must be made for a thermal spray material not to have to enter into a vent. 

[0004]Thus, in order for a spraying film to be made not to be formed selectively, sticking and closing a tape 
in the part which does not form a spraying film is performed. A spraying film will not be formed in the portion, 
if a tape is removed after performing plasma metal spray processing, where a tape is stuck. In the 
application-for-patent No. 285046 [ 2001 to ] specification this applicant for a patent, When forming a 
thermal insulation film in the tail pipe inner surface of a gas turbine by a plasma spray process, the stopper 
which consists of heat-resistant-resin materials, such as a fluoro-resin, was filled in the air blow-off hole of 
a tail pipe inner surface, and the art of keeping a thermal spray material from entering into an air blow-off 
hole is proposed. 
[0005] 

[Problem(s) to be Solved by the Invention]In the art which prevents the formation of a spraying film in the 
former selectively, there are problems — cannot separate the formation part and agenesis part of a 
spraying film clearly, or quality of a spraying film is spoiled. It is difficult to make only the inside for the pore 
like a vent into the agenesis part of a spraying film in the method of sticking a tape. Usually, since a tape will 
be stuck on the base material surface around a hole, the range by which a spraying film is not formed in the 
circumference of a hole will be made. Although an adhesive layer is provided in the affixing surface of a tape, 
since the heat resistance of this binder is not so high, with thermal-spraying heat, a binder may carry out 
erosion exudation out of a tape, and may check adhesion of a thermal spray material in a substrate. 
[0006]if it is the method of carrying out a stopper, plug up only the inside of a hole — a spraying film can be 
formed by the periphery of a hole. However, when trying to extract a stopper after formation of a spraying 
film, the stopper and the spraying film are joined firmly, and some spraying films may separate or be missing 
together with a stopper. A crack may go into the common-law marriage of a spraying film by the power at 
the time of extracting a stopper. And the crack may be contained around the stopper, also before extracting 
a stopper. Although it is the heat by a plasma metal spray and a stopper causes thermal expansion, the 
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cause is a cooling process after a plasma metal spray, and can be presumed to be what a difference is made 
to heat modification of a stopper and a spraying film, big heat stress generates in both boundary part, and a 
crack generates in the common-law marriage of a spraying film. 

[0007]When the inside diameter makes the stopper the small hole, a stopper may melt with the heat of a 
plasma metal spray. Removing is dramatically troublesome, if the melted stopper hardens at back of a small 
hole and adheres to a substrate. The same problem occurs also by various kinds of sprayed coating 
methods which spray ceramics etc. by a hot molten state and form a coating film on the surface of a 
substrate besides a plasma metal spray. The technical problem of this invention is the sprayed coating 
methods, such as the above mentioned plasma metal spray, and even if they establish the agenesis part of a 
spraying film using a stopper, it is not having an adverse effect on a spraying film, but enabling it to form a 
spraying film with high quality performance. 
[0008] 

[Means for Solving the Problem]A sprayed coating method concerning this invention is provided with the 
following. 

A core material which is how to form a coating film and consists of metallic materials by thermal spraying on 
the surface of a substrate. 

A process of plugging up a hole which does not form said coating film among said substrates with a stopper 
which consists of a complex of a resin material of un-joining nature, and a metallic material to said coating 
film, and has a wrap metal-resin compound layer for a periphery of said core material (a). 
A process (b) of performing thermal spraying on the surface of said substrate, and forming a coating film in 
it after said process (a). 

A process (c) of sampling said stopper from a hole of said substrate after said process (b). 

[0009] [Substrate] In particular material or shape structure of a substrate are not limited. Specifically, metal, 

such as steel and stainless steel, and an alloy of those, ceramics, various kinds of other structural materials 

in the usual mechanical apparatus, etc. are used. A field which forms a coating film among substrates may 

be a flat face, and a bending surface, a stepped surface, a curved surface, etc. may be sufficient as it. They 

may be inner surfaces, such as a pipe and a dome. In a substrate, it has a field which does not form a coating 

film. An adhesion preventing means of a thermal spray material by the usual tape pasting etc. is applicable to 

a usual flat face and a crevice large in comparison among agenesis fields of a coating film. 

[0010]This invention is applied when it has a hole which does not form a coating film arranged independently 

into a formation area of a coating film as an agenesis field of a coating film. 

A <hole> hole has a case where it is a breakthrough which penetrates a substrate, and a case of a hole of a 
letter of a blockade, at which it stops even in the middle of a substrate. A hole may be linearly prolonged 
from an opening to the back, and it may bend, may break with an inside, or may branch, or it may join. 
Aperture shape of a hole is circular, and also may be an ellipse, an ellipse, a polygon, slit shape, and a thing 
that has uneven shape further. 

[0011]As a hole which attaches a stopper, it is applicable to a thing of a range whose opening diameter is 
0.5-3 mm. Especially in the case of 0.5-1. 5-mm opening diameter, it is useful. If an opening diameter is large 
enough, a problem of melting has not a stopper of this invention but few stoppers made of a fluoro-resin. 
When an opening diameter is too small, attachment of a stopper is difficult or a problem of melting arises. 
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Only one hole may be provided in one substrate and may be provided in two or more places. This invention 
is especially useful, when many holes open an interval and are located in a line. 

[0012][Stopper] A stopper prevents plugging up a hole of a substrate, and a thermal spray material's 
invading into a hole, or adhering at a thermal-spraying process. A stopper has the outline shape 
corresponding to inner shape of a hole at least in a part corresponding to an opening of a hole. Specifically, 
it has sectional shape, such as circular, an ellipse form, and a polygon, like the hole. The whole may be the 
same sectional shape and a stopper may have a part where sectional shape differs in the length direction. It 
seems that a crevice opens between inner shape of a hole among stoppers in a part arranged at back, for 
example except a part corresponding to an opening of a hole. In a part arranged besides a hole, as long as it 
is the shape which does not become the obstacle of thermal spraying, you may be different shape from inner 
shape of a hole. If a chamfer, an R shape part, or a taper part is provided at a tip of a side inserted in a hole 
among stoppers, it will become easy to perform insertion to a hole. 

[0013]Similarly an outer diameter of a stopper is substantially set to an inside diameter of a hole in a part 
corresponding to an opening of a hole. Most interference cannot be found at the time of wearing, and it can 
equip smoothly, and it is a plasma metal spray process, and when a stopper expands thermally, it is setting 
up so that interference sufficient between a stopper and a hole may occur, and mounting work of a stopper 
can be performed efficiently. The length of a stopper should just have the length which can equip a hole of 
a substrate and can plug up a hole. When a hole of a substrate is plugged up, what has an overall length 
which projects 1-3 mm from the surface of a hole is preferred. If it is this range, a stopper will make a 
shadow from a thermal-spraying process, adhesion of a thermal spray material to a base material surface 
will not be checked, and it will be easy to perform sampling of a stopper. As a stopper, what makes a long 
line or rod form is prepared, and it can also be cut and used for required length at the time of attachment to 
a hole. 

[001 4]A <core material> core material consists of metallic materials. Existing metal of heat resistance which 
is equal to a rise in heat in a thermal-spraying process is preferred. Compared with a resin material, metal 
small enough has a preferred coefficient of thermal expansion. What has a mechanical strength which can be 
drawn out from a hole after a thermal-spraying process is preferred. A material excellent in integrity with a 
metal-resin compound layer is preferred. As a concrete metallic material, iron system metals, such as steel, 
aluminum, copper, nickel, etc. are mentioned. In addition to a simple substance of these metal, an alloy with 
these metal or other metal is also employable. 

[0015]Although an outer diameter of a core material can be set up according to an inside diameter of a hole, 
it is usually set as the range of 0.5-3 mm. 

It consists of a complex of a resin material of un-joining nature, and a metallic material to a <metal-resin 
compound layer> coating film, and is a wrap about a periphery of a core material. A resin material is held by 
a microstate at a matrix of a metallic material, and the compound unification of the metal-resin compound 
layer is carried out. That by which a metal layer and a resin layer are laminated only removes. A resin 
material differs injunction nature to a coating film according to construction material and spray parameters 
of a coating film. To a coating film, with un-joining nature, even if a coating film adheres to a resin material, 
I hear that it can dissociate easily and it is. Material which does not generally have printing nature with a 
sufficient slide as a material of such un-joining nature at a low friction coefficient that it is hard to get wet 
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is preferred. Specifically, a fluoro-resin, silicone resin, polyimide resin, polyamideimide resin, etc. are 
mentioned. 

[0016]As a fluoro-resin, polytetrafluoroethylene (PTFE), a tetrafluoroethylene perfluoroalkyl vinyl ether 
copolymer (PFA), A tetrafluoroethylene hexafluoropropylene copolymer (FEP), A polychlorotrifluoroethylene 
resin (PCTEF) tetrafluoroethylene ethylenic copolymer (ETFE), polyvinylidene fluoride (PVDF), polyvinyl 
fluoride (PVF), a chlorotrifluoroethylene ethylenic copolymer (ECTFE), etc. are mentioned. A metallic 
material holds a resin material and has the function to pay a mechanical strength of a metal-resin compound 
layer and to suppress heat modification. As a concrete material, a metal simple substance or an alloy of 
nickel, Fe, Cu, Zn, Sn, and aluminum is mentioned. It may be an alloy with these metal or other metal. 
Metallic oxides, such as alumite, can also be used. 

[0017]With a rate of metal and resin, the characteristics, such as hardness or intensity as a metal-resin 
compound layer, and surface un-joining nature, change. Surface un-joining nature improves so that there is 
much resin, but hardness, intensity, and heat resistance tend to fall. Although it changes also with 
combination of material, specifically, a resin amount in a metal-resin compound layer can be set as 10 to 
30% of the weight of a range. Thickness of a metal-resin compound layer is set as the range of 10-50 
micrometers. When too thin, it is damaged at the time of wearing to a hole, or a plasma metal spray process, 
and it becomes impossible for a function with a coating film in which it does not join to fully demonstrate. If 
too thick, time and effort and cost will start production. 

[0018]What is necessary is just to provide a metal-resin compound layer on a part which contacts a hole of 
a substrate at least among core materials, or the outskirts of it. Of course, a metal-resin compound layer 
can also be provided covering an overall length of a core material. If it has the structure of the metal-resin 
compound layer as a manufacturing method of a metal-resin compound layer and a function of the purpose 
can be exhibited, means forming of the usual metal-resin complex is applicable. Specifically, a metal plating 
layer by which a resin particle was distributed, a porous metal layer with which a resin material was 
impregnated, a porous metal layer with which a resin particle was enclosed, etc. are employable. 
As a <fluororesin particle distribution electroless nickel plating layer> metal-resin compound layer, an 
electroless nickel plating layer by which a fluororesin particle was distributed is employable. It is known as 
crab chlorofluocarbon (trademark of JAPAN KANIGEN CO., LTD.) treated membrane, and can form by 
carrying out nickel-plating processing in plating liquid in which impalpable powder of a fluoro-resin with a 
particle diameter of about 1 micrometer or less was distributed. Lynn can be blended with nickel plating. 
[0019]As an example of crab chlorofluocarbon treated membrane, P with a nickel of 83 to 86 % of the weight 
7.5 to 9 % of the weight, A thing of 6 to 8.5 % of the weight (20 to 25 capacity %) of PTFE resin, density 6.4 - 
6.8 g/cm 3 , and 88 to 90 % of the weight of nickel thing of P 8 to 9.5 % of the weight, 1 .5 to 3 % of the weight 
(five to 10 capacity %) of PTFE resin, density 7.3 - 7.6 g/cm 3 are mentioned. 

A porous layer of <resin impregnation porous metal layer> metal is produced, and it impregnates there with 
a resin material by a molten state, and is made to harden. 

[0020]Porous structure is specifically formed in the surface of aluminum or an aluminum alloy by making a 
hard oxide film (alumite), A Tufram (trademark of Ulvac Techno, Ltd.) processing film which is one sort of 
hard anodic oxidation coatings which impregnated this oxide film with Teflon (trademark of Du Pont) is 
known. If aluminum or an aluminum alloy is used as a core material when adopting a Tufram processing film, 
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a stopper with which a core material and a metal-resin compound layer were unified will be obtained. The 
thickness of a Tufram processing film can adopt 20-50 micrometers. 

Porous processing is performed to the surface of <resin enclosure porous metal layer> metal, and a resin 
particulate is enclosed there. 

[0021 ]A chromium plating layer which performed porous processing is specifically heated, a pore is 
expanded, 4 fluoridation resin particulate which carried out cooling shrinkage to the pore is enclosed, and it 
is with cooling shrinkage of a pore, and expansion of a resin particulate, A TEX lock (trademark of Otec Co., 
Ltd.) processing film which sticks a resin particulate to a chromium plating layer by pressure firmly is known. 
[Attachment of a stopper] A hole of a substrate is equipped with a stopper. A hole is made to support a 
stopper, while the tip side of a stopper is stuffed into a hole and a stopper specifically closes a hole. If 
interference is between an outer diameter of a stopper, and an inside diameter of a hole, a crevice will not 
be made between a hole and a stopper, but immobilization of a stopper will become firm between, and 
invasion of a thermal spray material does not become a problem so much in the state where there is almost 
no interference, practical. A way in which suiting inserts a stopper in a grade manually pushed in a hole 
tends to perform mounting work. 

[0022]Workability of a stopper is good, if it is made to push in until a tip arrives at a bottom of a hole. If a 
stopper is fixable, inserting to the middle of a hole will only be available. After a stopper has closed a hole, a 
part or all of a portion that is projected besides a hole among stoppers is excisable. If a stopper has 
projected for a long time, it will interfere with a flow of a thermal spray material, and thickness of a coating 
film in the circumference of a hole will become thin selectively. However, it may be more convenient for a 
stopper to remain by a certain amount of length, when removing a stopper after creation of a coating film. 
Then, the length of a stopper which projects from the surface of a hole can be set as 1-3 mm. A part etc. 
can also be provided in a periphery of a stopper in a slight neck for making removing operation of a 
projection part easy to perform, a break, and weakness. 

[0023]A hole is equipped with a linear or cylindrical long stopper, and if work of cutting a stopper outside a 
hole is repeated, one stopper can be attached to two or more holes one by one. 

[Coating film] A coating film is applied in order to give various kinds of functions and characteristics to the 
surface of a substrate. As the characteristic which can be given to a substrate by a coating film by thermal 
spraying, thermal insulation nature, adiathermancy, heat resistance, corrosion resistance, 
nonresponsiveness, abrasion resistance, slide nature, electric insulation, a semiconductor characteristic, 
electrostatic nature, etc. are mentioned. Material of a coating film is chosen according to these purposes. 
[0024]There is also bipolar membrane of ceramics, and metal and resin besides ceramics in a coating film. 
Specifically, oxide stock ceramics etc. are mentioned. A layer from which construction material differs may 
be laminated and constituted as a coating film. For example, junction nature with a substrate can combine a 
good undercoat layer and a topcoat layer excellent in a function of the purpose. Although thickness of a 
coating film changes also with purposes, it can usually be set as the range of 100-3000 micrometers. As for 
material which constitutes a stopper, especially material of a metal-resin compound layer, it is desirable to 
choose a high material of un-joining nature according to the characteristic of a coating film. 
[0025][Thermal spraying method] The usual thermal-spraying art is applied. In a spraying process, make it 
accelerate in melting or the state where it was made to soften, with heating, material of a coating film is 
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made to solidify and deposit on the surface of a substrate, and a coating film is formed. With construction 
material and the purposes of a coating film, a thermal spraying method and a processing condition change. 
Flame spraying, detonation flame spraying, electric arc spraying, laser thermal spraying, etc. besides a 
plasma metal spray which accelerates a thermal spray material by plasma flow and with which a substrate is 
coated as a typical spraying process are known. 

[0026]Generally as a processing condition of a plasma metal spray, plasma temperature is set as 1200-1500 
**. The 300-500 mm [ per one pass ] /range of processing time is sec. If it is a processing condition of this 
range, it is avoidable for a stopper to fuse, and to drop out or to adhere to a hole. 

[Removal of a stopper] If a coating film is formed and a thermal-spraying process is completed, a stopper 
can be sampled from a hole of a substrate. Usually, what is necessary is to gather the upper part of a 
stopper by a tool etc. and just to draw it out. Since junction nature to a coating film is very low, even if a 
metal-resin compound layer of a stopper does not apply big power, it can draw out a stopper. 
[0027]When removing a stopper, a thermal spray material which adhered on the surface of a stopper can be 
separated from a coating film of a base material surface. 

[Use] A sprayed coating method using a stopper of this invention is applied to various mechanical apparatus 
and a structural part which form a coating film by thermal spraying. For example, it is applied to production 
of thermal insulation sides, such as a thermomotor exposed to high temperature gas, and a heating furnace, 
or a heat-resistant side. It is applied to production of an anticorrosion side in a system for thin film 
deposition or a semiconductor manufacturing device, an insulating surface, an electric conduction side, etc., 
etc. It is applied also to production of a nonresponsive side where a drug solution contacts with a chemical 
treatment apparatus. 

[0028]It is useful, when rocket engine jets and an outlet of gas or a fluid are arranged and it makes coating 
material not trespass upon a field which produces a coating film especially at these rocket engine jets or 
outlets. After producing a coating film, it is useful for a use which reends a hole in said rocket engine jets, or 
cannot perform internal adherence thing removal easily. 
[0029] 

[Embodiment of the Invention]The embodiment shown in drawing 1 -drawing 3 shows how to form the 
coating film 30 in the surface of the substrate 10 which has many stomata 14 by a plasma metal spray. As 
shown in drawing 1 , the substrate 10 consists of steel or aluminum, and the surface part 12 and the back 
part 16 are arranged via the ventilation part 18. The ventilation part 18 and the stoma 14 open for free 
passage open an interval in the surface part 12, and are provided in it. [ many ] The stopper 20 which closes 
the stoma 14 consists of a wire rod of the same sectional shape as the stoma 14. The stopper 20 is provided 
with the following. 
Core material 22. 

It is the wrap metal-resin compound layer 24 about the peripheral face of the core material 22. 
The core material 22 is formed with metallic materials, such as a steel wire. The metal-resin compound layer 
24 consists of common-name crab chlorofluocarbon (trademark of JAPAN KANIGEN CO., LTD.) treated 
membrane which is an electroless-nickel-plating film in which PTFE resin particles were distributed. 
Chamfering work has been performed at the tip of the stopper 20, and it is easy to perform insertion to the 
stoma 14. 
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[0030]The stopper 20 is inserted in the stoma 14. The lower end of the stopper 20 crosses the ventilation 
part 1 8 from the stoma 1 4, and the upper surface of the back part 1 6 is made to contact as shown in the left 
end of drawing 1 . In this state, the upper bed of the stopper 20 is arranged to such an extent that it is 
exposed for a while on the stoma 14. You may stop, even as are shown in the middle of drawing 1 and the 
lower end of the stopper 20 is the ventilation part 18. As shown in drawing 2, the stoma 14 performs plasma 
metal spray processing to the surface of the substrate 10 closed with the stopper 20, and forms the coating 
film 30 in it. An alumina ceramic film can be formed as an example of the coating film 30. 
[0031]A thermal spray material does not invade into the stoma 14 closed with the stopper 20. Since both 
the core material 22 which consists of metallic materials, and the metal-resin compound layer 24 have 
sufficient heat resistance, it does not melt or the stopper 20 does not transform it superfluously, even if 
plasma flow and the heat from a thermal spray material are added. Since there are few differences in a 
coefficient of thermal expansion to the substrate 10 and the coating film 30 far compared with the stopper 
made of resin, in the cooling process of the inside of a plasma metal spray, and after that, big heat stress 
does not occur between the coating films 30. To the coating film 30, it can prevent producing a crack by a 
cooling process. 

[0032]The stopper 20 is removed, after plasma metal spray work finishes and the coating film 30 is formed, 
as shown in drawing 3. In the contacting parts of the stopper 20 and the coating film 30. Since the 
metal-resin compound film 24 which does not almost have the junction nature to the coating film 30 is 
arranged, By drawing out as it is up, or pulling up it, as the stopper 20 is turned on for a while, it separates 
easily from the coating film 30, and the stopper 20 can draw out only the stopper 20. A crack is prevented 
from a part of coating film 30 separating together with the stopper 20, or going into the common-law 
marriage of the coating film 30. 

[0033][Quality assessment] The stopper and the sprayed coating method of this invention were enforced, 
and the performance was evaluated. As comparison art, the stopper which consists of chrome plating steel 
materials was used. 

< example: Crab chlorofluocarbon (trademark) treated membrane (electroless nickel phosphorus plating 
layer which distributed the fluororesin particle) was formed in the crab chlorofluocarbon (trademark) treated 
membrane stopper >phi1mm steel wire by a thickness of about 20 micrometers. The obtained steel 
materials with a metal-resin compound film were cut in length of 10-15 mm, and the stopper was obtained. 
The stopper was inserted and closed to each hole to the aluminum board which carried out penetration 
formation of many philmm holes. On the surface of the aluminum board, the alumina film of 0.4-0. 5-mm 
thickness was formed by the plasma metal spray. The processing conditions of the plasma metal spray were 
300-500 mm/sec in path speed, and 1200-1500 ** in plasma temperature. After base temperature cooled 
to 50-60 **, the drawing work of a stopper was done. The stopper was only drawn out perpendicularly, and 
it was able to separate easily from the alumina film and it was able to be removed. There were no defects, 
such as exfoliation and a crack, in an alumina film. After that, although polish ************ processing was 
performed, the defect did not exist in the alumina film after finish-machining at all. 

[0034]As a result of the fluoro-resin particles distributed by the nickel phosphorus plating layer 
demonstrating the outstanding un-joining nature to an alumina film, drawing of the stopper to an alumina film 
can be performed smoothly, and it can be estimated that the defect of the alumina film was not produced, 
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either. 

< comparative example: About 20-micrometer chromium plating layer was formed in the philmm same steel 
wire as the stopper > example which consists of chrome plating steel materials, and buffing was performed 
to it. The same stopper as an example was produced from the obtained chrome plating steel materials. The 
stopper was inserted and closed to the hole of the same aluminum board as an example, and the alumina film 
was formed by the same plasma metal spray processing. 

[0035]The drawing of the stopper was difficult to take out only by drawing out vertically. Then, the stopper 
was perpendicularly pulled up, after performing 1 / adhesion dissolution [ in / it is made to rotate 2-1 time, 
and / a circumference surface ]. In the 1 st test, in the periphery of a stopper, it came floating to the alumina 
film and exfoliation had occurred. In the 2nd test, when a stopper was drawn out, exfoliation was not 
checked, but after that, when polish ************ processing was performed, the micro crack had 
occurred in the alumina film in the periphery of the breakthrough. Usually, if buffing is made the chromium 
plating layer, it is supposed that it is hard to adhere ceramic sprayed coating. However, in the case of a thin 
stopper, with the heat at the time of a plasma metal spray, the chromium plating layer of a stopper with 
small calorific capacity deteriorates, and what the adhesion to an alumina film has produced can be 
presumed. 
[0036] 

[Effect of the Invention]The sprayed coating method concerning this invention is plugging up the hole of a 
substrate with the stopper which covered the metal core material in the metal-resin compound layer, when 
forming a coating film by spraying processes, such as a plasma metal spray, and a stopper does not have an 
adverse effect on a coating film. That is, a stopper does not melt with the heat added at the time of thermal 
spraying. Since a stopper and a coating film do not join, when a stopper is removed, peeling or the crack 
development of a coating film do not arise. Since the heat modification characteristic of a stopper is close 
to a coating film and a substrate, excessive heat stress does not occur between coating films in heating at 
the time of thermal spraying, and a subsequent cooling process, but the damage and the crack development 
of a coating film by heat stress can be prevented. 
[Brief Description of the Drawings] 

[Drawing 1]The sectional view showing the embodiment of this invention of a stopper wearing process 

[Drawing 2] The sectional view of a plasma metal spray process 

[Drawing 3]The sectional view after stopper removal 

[Description of Notations] 

10 Substrate 

12 Surface part 

14 Stoma 

16 Reverse part 

18 Ventilation part 

20 Stopper 

22 Metal core material 

24 Metal-resin compound layer 

30 Coating film 
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[Translation done.] 
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